Population-based survival reflect the average prognosis of unselected patients with a variety of natural histories as well as treatment patterns and are also useful for evaluating effectiveness and efficiency of cancer-directed health services in a given region. Although survival data have been reported based on hospital data, the survival data from population-based registry have been rarely reported in Korea. Based on the Korea National Cancer Incidence Database, we report the results from survival analysis for cancer patients diagnosed during 1993-2002 and followed up until 31 December 2005 at primary cancer sites. The five-year relative survival rates (RSR) were calculated using the Ederer II method. The Kaplan-Meier method was used to estimate median survival and the 95% confidence intervals. In males, the five-year RSR for all cancers was 32.5% during 1993-1997 and was 37.8% during 1998-2002. In females, the five-year RSR for all cancers was 53.7% during 1993-1997 and was 57.0% during 1998-2002. The largest improvement in survival was shown in prostate cancer in males and breast and stomach cancer in females. The median survival durations were 16.3 months in males and 81.6 months in females. This result will be useful for evaluation of cancer treatment outcomes in Korea.
INTRODUCTION
Survival estimates of patients registered by populationbased cancer registries reflect the average prognosis from a given cancer, since they are based on unselected patients with a variety of natural histories as well as treatment patterns. Population-based cancer survival data are also useful for evaluating effectiveness and efficiency of cancer-directed health services in a given region. Although survival data have been reported for selected cancer sites from hospitals, the survival data from population-based registry data have been rarely reported in Korea (1, 2) .
The Korea Central Cancer Registry (KCCR) began as a nationwide hospital-based program in 1980. The operational details of cancer registration have been previously described (3) . The KCCR constructed the Korea National Cancer Incidence DataBases (KNCIDB) by merging the KCCR databases and eight Population-Based Regional Cancer Registry databases, the site-specific cancer registry databases (breast, ovary, uterus, and liver cancer) and additional data from medical record review surveys. Using this KNCIDB and other sources such as mortality data from National Statistical Office, it became possible to produce national survival rates. In this paper, we report the results from survival analysis for cancer patients diagnosed during [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] in Korea at primary cancer sites.
MATERIALS AND METHODS
The data in this study were based on the KNCIDB. A total of 935,325 cancer patients diagnosed from January 1, 1993 to December 31, 2002 were included. Table 1 shows the quality indices, numbers and proportion of included and excluded cases. The Morphological Verification (MV) %, an indicator of the validity of the diagnostic information, is the percentage of cases for which the diagnosis was based on morphological verification of a tissue specimen. Overall, MV% was 69.3% (n=648,615), ranging from 22.2% in liver to 94.7% in thyroid. Death certificate only (DCO) % was the percent of cancer cases recognized by only the mortality records, which is another indicator for the validity of the data. Overall, DCO% was 13.5% (n=126,702), ranging from 0.5% in Corpus uteri to 24.7% in Brain and CNS.
A total of 126,702 DCO cases (13.5%) were excluded from the survival analysis. Furthermore, 7,886 cases (0.8%), that could not be followed up due to mismatched Personal Iden-tification Number, 19,074 cases (2.0%), that were not first primary sites, and 1,390 cases (0.1%) with mismatched dates were excluded from the analysis.
A total of 780,273 cases (83.4%) were eligible for final analysis. Passive follow-up was performed until 31 December 2005. The survival duration of each case was determined as the time difference (in months) from the date of initial diagnosis to the date of death, date of loss to follow-up, or the closing date for follow-up. Cancer was classified according to the International Classification of Diseases, the 10th revision (ICD-10).
Five-year relative survival rates (RSRs) and the median survival time were calculated. Relative survival was defined as the ratio of the observed survival rate to the expected rate; this was based on a group of people in the general population similar to the patient group with respect to race, sex, age and calendar period of observation (4) . It means the survival experience of patients are adjusted for normal life expectancy of the general population of the same age, which makes relative survival rate an estimate of the chance of surviving the effects of cancer (5) .
The RSRs were calculated using the Ederer II method (6) . Relative survival analyses were based on an algorithm written in SAS by Paul Dickman (7) with some minor adaptations. Asymmetric observed survival confidence intervals (CIs) were formed from standard errors estimated using the Greenwood's method (8) and the log (-log) transformation. RSR confidence limits were derived by dividing the observed survival limits by the corresponding expected survival rate (4).
The median survival using the Kaplan-Meier method and its CIs were also calculated (8) .
RESULTS
Relative survival ( Table 2 , Fig. 1, 2) In males, the five-year RSR for all cancers combined was 32.5% (95% CI 32.2-32.7) during the period 1993-1997 and was 37.8% (95% CI 37. 6- Median survival (Table 3) The median survival time by sex was shown in Table 3 . The median follow-up time was 16.3 months in males and 44.4 months in females.
The median survival time for all cancer patients was 16.3 months in males and 81.6 months in females. Female cancer patients survived significantly longer than male cancer patients. The median survival time for stomach, liver, lung, and colon and rectal cancer in males were 30.9 (95% CI 30.2-31.5), 5.8 (95% CI 5.7-5.9), 7.6 (95% CI 7.6-7.7), and 68.2 (95% CI 66.2-70.3) months, respectively. In females, the median survival time for stomach, colon and rectum, lung, and liver cancer patients were 31.8 (95% CI 30.9-33.0), 72.6 (95% CI 69.9-75.8), 8.9 (95% CI 8.7-9.1), and 6.6 (95% CI 6.4-6.7) months, respectively. The median survival of breast and uterine cervical cancer in females were not calculated because of the high survival rates. The median survival for pancreatic cancer was the lowest.
DISCUSSION
Monitoring the survival trends of cancer patients is essential for assessment of the progress in cancer treatment (9) . However, reports on survival are limited especially in developing countries (10, 11) ; in Korea, there is only one article on population-based survival of cancer patients diagnosed in 1995 (1) .
This study first reports that survival rates for cancer patients have improved substantially in Korea during the last decade.
For all cancers combined, females appeared to have a much better prognosis than males, which has been previously observed in other countries (12) . This apparent female advantage is partly explained by the high frequency of female cancers (e.g., thyroid, breast, and uterine cervix) known to have relatively good prognosis. In addition, it is possible that behavioral, environmental, and genetic factors and their complex interrelations, may influence cancer prognosis, and play a role in determining the survival differences between males and females found in the present study (13) .
Cancer survival improved steadily for most cancers in both sexes between 1993-1997 and 1998-2002 For females, the five-year survival increased for most cancers during the same period except for pancreas and larynx. The greatest survival improvement was observed in prostate cancer. The five-year relative survival rate increased from 59.1% to 70.6% between 1993 and 2002. These rapid increases should be interpreted with caution. Widespread use of Prostate Specific Antigen (PSA) test in Korea may have led to diagnosis and treatment of many asymptomatic prostate cancers that might never have been diagnosed during a man's lifetime (14) . This has led to a rapid increase in the incidence of prostate cancer, and prostate cancer became the seventh most commonly diagnosed cancer in Korean males, with more than 1,600 cases diagnosed in 2001 (15) . Since the PSA test detects asymptomatic tumors possibly showing excellent prognosis, population-based survival rates could have increased. These trends are not an artefact, but reflect the effect of new diagnostic techniques.
In females, the greatest improvements in survival of common cancers were observed in stomach and breast cancer. Stomach and breast cancer were the most common cancers in Korean females in 2001; there were about 7,500 and 7,000 newly-diagnosed cases, respectively (15) .
There were several types of cancers, showing slight decreases or almost no change in survival during 1993-2002. Survival for pancreatic cancers fell slightly in both males and females. For lung cancer, the survival rates increased slightly over the decade. Lack of progress in early detection and treatment could explain no improvement in the survival rates of lung and pancreas cancers (16) .
However, we should interpret the results of the present study with caution. Survival trends could be affected by various factors such as completeness of registration, changes in definition of disease, and introduction of screening programs as well as genuine improvements in diagnosis and treatment.
The validity of survival estimates may depend on completeness of cancer registration (17, 18) . In particular, selective under-ascertainment of patients with a good prognosis may lead to underestimation of cancer patient survival, whereas an opposite effect could result from selective under-ascertainment of patients with a poor prognosis. One example of the latter case is the exclusion of DCO cases.
In our result, DCO %, an important validity index for cancer registration data, ranges from 0.5% for the corpus uteri to 24.7% for the brain and CNS. The ''true'' survival of cases registered by DCO is generally poorer than those of others in the registry population (19) . Exclusion of DCO cases may increase survival estimates, particularly in cancers with proportionately more DCO cases. However, the magnitude of such increases was known to be generally low (19) .
Compared to the cancer survival of US, survivals of all cancers in Korea (37.8% in males, and 57.0% in females during 1998-2002) were lower than those of US (66.3 % in males, and 56.6% in females during 1996-2002) (20) . By contrast, RSRs of much more common cancers in Korea, such as stomach and cervix uteri, were much higher than those of US. Compared to the survivals of Japan, RSRs were lower than those of Japan, but the high RSRs of Japan are thought to be due to poor completeness of registration in Japan (21) ( Table 4) .
Considering the fact that cancer has been the leading cause of death in Korea since 1980s and newly diagnosed cancer cases are rapidly increasing, the information on survival provides clinically useful information for practitioners and cancer patients as well as for health policy makers to measure the effectiveness of cancer treatment. The publication of this report will be used to prompt more research to identify factors associated with the observed increases of cancer survival in Korean population and to compare survival experience according to socioeconomic status, geographical regions, and the presence of co-morbidities. 
